Objectives: In expert hands, the intrathoracic oesophago-gastric anastamosis usually provides a low rate of strictures and leaks. However, anastomoses can be technically challenging and time consuming when minimally invasive techniques are used. We present our preliminary results of a standardised 25 mm/4.8 mm circular-stapled anastomosis using a trans-orally placed anvil. Materials and methods: We evaluated a prospective cohort of 37 consecutive patients offered minimally invasive Ivor Lewis oesophagectomy at a tertiary referral centre. The oesophagogastric anastomosis was created using a 25-mm anvil (Orvil, Autosuture, Norwalk, CT, USA) passed trans-orally, in a tilted position, and connected to a 90-cm long polyvinyl chloride delivery tube through an opening in the oesophageal stump. The anastomosis was completed by joining the anvil to a circular stapler (end-to-end anastomosis stapler (EEA XL) 25 mm with 4.8-mm staples, Autosuture, Norwalk, CT, USA) inserted into the gastric conduit. Primary outcomes were leak and stricture rates. Results: Thirty-seven patients (mean age 65 years) with distal oesophageal adenocarcinoma (n = 29), squamous cell cancer (n = 5) or high-grade dysplasia in Barrett's oesophagus (n = 3) underwent an Ivor Lewis oesophagectomy between October 2007 and August 2009. The abdominal portion was operated laparoscopically in 30 patients (81.1%). The thoracic portion was done using a muscle-sparing mini-thoracotomy in 23 patients (62.2%) and thoracoscopic techniques in 14 patients (37.8%). There were no intra-operative technical failures of the anastomosis or deaths. Five patients had strictures (13.5%) and all were successfully treated with endoscopic dilations. One patient had an anastomotic leak (2.7%) that was successfully treated by re-operation and endoscopic stenting of the anastomosis. Discussion: The circular-stapled anastomosis with the trans-oral anvil allows for an efficient, safe and reproducible anastomosis. This straightforward technique is particularly suited to the completely minimally invasive Ivor Lewis oesophagectomy. #
Introduction
Distal oesophageal adenocarcinoma is the most common type of oesophageal cancer in Europe and in the US [1] . Surgical approaches for the treatment of these lesions include the transhiatal oesophagectomy and the transthoracic oesophagectomy with the anastomosis in the chest or in the neck. Controversy exists regarding the best surgical approach, the extent of lymph nodal dissection and the type of anastomosis that provides the lowest rate of leaks and strictures [2, 3] . Worldwide the feasibility and safety of minimally invasive surgical (MIS) techniques for oesophagectomy have been demonstrated in multiple centres. Furthermore, the oncologic outcomes of minimally invasive oesophagectomy may be comparable to those of open oesophagectomy [4] .
Performing an intrathoracic oesophago-gastric anastamosis using MIS techniques can be technically challenging and time consuming. Despite increasing experience with several different techniques and advances in technology, anastomotic complications remain a source of morbidity and mortality. Anastomotic options include variations of traditional handsewn anastomosis, side-to-side stapled anastomosis or circular-stapled anastomosis. Randomised trials have compared hand-sewn anastomoses with stapled anastomoses [5] [6] [7] [8] [9] [10] [11] [12] and not shown a difference in the anastomotic leak rate, and only one of these studies reported a higher stricture rate with the stapled anastomosis [7] . Using the circular-stapling technique may be less time consuming than the hand-sewn technique and may possibly be performed with a shorter gastric conduit compared to the linear-stapling technique [13] . However, most surgeons use a traditional circularstapled anastomosis approach, which involves inserting the anvil through a large opening in oesophageal stump and securing it with a purse-string suture [14] . This step can be inefficient and time consuming, particularly when using minimally invasive techniques.
Our objective is to present the outcomes of a consecutive series of patients who underwent Ivor Lewis oesophagectomy using a standardised 25-mm/4.8-mm circular-stapled anastomosis with a trans-orally placed anvil. The primary outcomes of interest include anastomotic leak and stricture.
Materials and methods
We evaluated a cohort of consecutive patients with distal oesophageal lesions offered minimally invasive Ivor Lewis oesophagectomy at the University of California San Francisco Medical Center from October 2007 to August 2009 using a clinical database prospectively maintained by a trained research coordinator. The database includes demographic information, pre-operative clinical measurements and perioperative and long-term outcomes of all patients who underwent oesophageal surgery at University of California San Francisco (UCSF). In addition, we examined electronic charts, operative reports and anaesthesia records, discharge summaries as well as follow-up clinic notes of all patients to search for possible missing outcomes. This study was approved by the UCSF institutional review board, and informed consent was obtained from all patients.
Surgical and anastomotic technique
All patients were offered minimally invasive oesophagectomy. First, a diagnostic laparoscopy was performed to determine resection using a possible laparoscopic approach. If there were no contraindications, six to seven ports were placed and the formal dissection was started. The operation included laparoscopic hiatal, distal oesophageal and gastrooesophageal junction dissection. Lymph node dissections of the porta-hepatis, left gastric artery and supra-pancreatic nodal groups were performed. Gastric conduit preparation was performed using multiple firings of a 4.8-mm linear stapler ( Fig. 1 ) (United States Surgical Corporation, Norwalk, CT, USA). A pyloroplasty was performed and a feeding jejunostomy placed. The thoracic portion was operated using either a muscle-sparing thoractomy in the sixth intercostal space or standard thoracoscopic ports and techniques. The thoracic portion of the operation included mobilisation of the oesophagus from the oesophageal bed, subcarinal lymph node dissection and transection of the most superior aspect of the thoracic oesophagus at the level of the thoracic inlet with a 4.8-mm linear stapler (United States Surgical Corporation, Norwalk, CT, USA) above the divided azygous vein. The oesophago-gastric anastomosis was performed using a 25-mm anvil (OrVil, Autosuture, Norwalk, CT, USA) passed through a small opening in the stapled oesophageal stump trans-orally (Fig. 2) . The OrVil TM 25-mm device is a pre-packaged commercially available device (OrVil, Autosuture, Norwalk, CT, USA). It combines the anvil head, secured in the tilted position, mounted on a 90-cm long polyvinyl chloride (PVC) delivery tube and secured to the tube with a suture. The PVC delivery tube is inserted through the patient's mouth, delivered through a small opening in the stapled oesophageal stump and pulled from one of the thoracic port sites or incision to assist bringing the anvil shaft into the oesophageal stump. A critical step of the procedure is then passing the tilted anvil head attached to the delivery tube through the posterior pharynx into the oesophagus. As the patient's head is turned to the side and with a double-lumen endotracheal tube in place, we recommend that the anaesthesiologist and an assistant are present for this portion of the procedure. The anvil head should be generously lubricated, and its convex side directed and maintained towards the hard and soft palate. Once the anvil enters the posterior pharynx, elevating the mandible, similar to a Jaw thrust manoeuvre, and briefly deflating the balloon of the double-lumen endotracheal tube, facilitates the anvil passage into the oesophagus. Once the anvil shaft has been exteriorised through the oesophageal stump, the suture that holds it to the delivery tube is cut and the tube is disconnected from the anvil while holding the anvil in place. The anastomosis was completed by joining the anvil to a end-to-end circular stapler (EEA XL 25 mm with 4.8-mm staples, Autosuture, Norwalk, CT, USA) inserted into the gastric conduit (Fig. 3A) . Then, the EEA stapler and anvil were removed, the anastomosis inspected and the gastric conduit opening was closed using an additional firing of a 4.8-mm linear stapler (United States Surgical Corporation, Norwalk, CT, USA) (Fig. 3B ).
Definition of leak
Anastomotic leakage was defined as extravasation of water-soluble contrast medium by a radiographic contrast oesophagogram or computed tomography (CT) scan and/or clinical symptoms of leakage.
Definition of stricture
Stricture was suspected in patients with dysphagia, postprandial vomiting or regurgitation. The diagnosis was confirmed by the inability to pass a standard video optic endoscope (10-mm diameter) through the oesophago-gastrostomy. The endoscopic procedures were performed by one of the authors (GMC) in an outpatient endoscopy suite using a combination of narcotic analgesic and sedative hypnotics for conscious sedation. The patient was placed in the left lateral decubitus position. Once a stricture was confirmed, sequential balloon dilation was performed up to a maximum of 20 mm. Dilation was routinely performed using a controlled radial expansion (CRE) Wireguided Oesophageal/Pyloric 180-cm dilator (Boston Scientific, Natick, MA, USA). Three dilations of increasing diameter were performed with each balloon passage. Inflation pressures were monitored using the Alliance II integrated inflation system (Boston Scientific, Natick, MA, USA). Patients were followed for clinical response and underwent repeat endoscopy if their symptoms did not improve.
Peri-operative ( 30 days) and long-term (>30 days) complications were documented and included, but were not limited to: the use of unexpected drug therapy or imaging; the use of total parenteral nutrition, blood transfusion, superficial wound infection, cardiac arrhythmias, pleural space or lung infections, hospital stay greater than twice the median stay; the use of diagnostic or therapeutic endoscopy, re-operation; or death. 
Results
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. Proximal and distal margins were negative in all patients. A median of 15 lymph nodes (range 8-33) was dissected from each specimen, with a median of three (range 0-18) histologically positive nodes. No intra-operative technical failures of the anastomosis or deaths occurred. The median hospital stay was 10 days (range 7-30) and the median follow-up was 11 months (range 1.5-23 months). Twenty-three complications occurred in 16 patients (43%) ( Table 2 ). Five patients were diagnosed with anastomotic stricture (13.5%) and symptoms occurred an average of 20 days after surgery (range 12-28). All patients were successfully treated with two (n = 2) or three (n = 3) sessions of endoscopic balloon dilations (Fig. 4) . A leak was detected in one patient (2.7%). The patient was a 65-year-old woman with squamous cell carcinoma of the distal oesophagus, chronic oesophageal wall disease manifested by PlummerVinson syndrome with a history of multiple dilations for oesophageal webs and rheumatoid arthritis for which she was on steroid therapy. A leak from the oesophago-gastrostomy became apparent on postoperative day 14 after a normal oesophagogram was obtained on postoperative day 11. The patient was successfully treated with re-operation, drainage, pleural flap and endoscopic stenting of the anastomosis. She recovered without any further problems.
Discussion
Although mortality and morbidity from oesophageal cancer surgery is decreasing, complications of the oesophago-gastric anastomosis are a source of significant concern [3, [15] [16] [17] . We have found that constructing a circular- Fig. 4 . Endoscopic view of an oesophago-gastric anastomosis with a stricture (A), with the balloon dilation in place (B) and after successful dilation (C).
stapled anastomosis with the trans-oral anvil allows for a standardised oesophago-gastric anastomosis. It is a straightforward and reproducible technique that is particularly suited to the minimally invasive thoracoscopic approach, and has a low leak and stricture rate. Anastomotic leaks are a concern with all types of oesophago-gastric anastomoses. Prior studies have suggested that intrathoracic anastomotic leaks may be associated with greater morbidity and mortality than cervical anastomotic leaks after transhiatial oesophagectomy [18] . However, recent reports have shown similar related morbidity rate due to a leak of a neck or intrathoracic anastomosis [3] and also similar stricture, leak, mortality or 5-year survival rates when comparing a hand-sewn cervical versus a stapled intrathoracic anastomosis [14] . Unlike the leak rates reported with a hand-sewn technique during a cervical anastomosis, the intrathoracic anastomotic leak rate does not seem to differ by type of anastomosis (hand-sewn vs stapled) [8, 19] . Factors such as body habitus, peripheral vascular disease and neoadjuvant therapy may influence the oesophago-gastric anastomotic leak rate and have not been controlled for in many prior studies.
There are several treatment options for intrathoracic oesophageal anastomotic leaks, including surgical reexploration and repair or conservative therapy, such as external drainage, total parenteral nutrition and nasogastric decompression [20] . In addition, temporary oesophageal stents have been used more frequently for the treatment of anastomotic leaks. Several studies have reported successful treatment of intrathoracic anastomotic leaks using temporary oesophageal stents placed endoscopically [20, 21] . We had one patient with an anastomotic leak (2.7%) using the trans-oral circular-stapled intrathoracic anastomosis that was successfully treated with re-operation, drainage, pleural flap and endoscopic stenting.
Anastomotic strictures are another important technical complication of oesophago-gastric anastomoses. The stricture rate using different intrathoracic anastomotic techniques can be difficult to determine because there is no standardised reporting system for strictures. Therefore, the results of studies comparing the stricture rate between hand-sewn and stapled intrathoracic oesophago-gastric anastomosis vary; there is no consistent trend favouring one technique over the other. In general, authors have reported a spectrum ranging from postoperative dysphagia (22-73%) to radiologically or endoscopically noted narrowings not requiring intervention, to strictures necessitating multiple dilations (13-40%) when using a traditional circular-stapling technique [22] . We report a 13.8% stricture rate with two patients requiring three endoscopic dilatations with the last endoscopy showing a patent anastomosis. At the time of final endoscopy, all patients were eating and drinking without difficulty.
There is concern that there may be an association between anvil size and the risk of stricture [23] . However, two recent studies compared different anvil sizes (25, 29, and 33 mm) and found no correlation between anvil size and dysphagia or stricture [14, 19] . We use a 25-mm trans-oral anvil and have a low stricture rate. We suspect that stricture formation is multifactorial, including patient characteristics and operative factors such as blood supply to the conduit and tension at the anastomosis.
Complications specific to the trans-oral passage of the OrVil TM 25-mm device have been reported and are rare [13] . They consist of premature dislodging of the anvil from the delivery tube necessitating manual or endoscopic removal of the anvil or hypo-pharyngeal or oesophageal mucosal injuries. These complications can usually be prevented by gentle and appropriate handling during the trans-oral passage of the anvil.
To decrease morbidity, minimally invasive techniques have been applied to oesophagectomies. Recently, several series have described the feasibility and safety of minimally invasive Ivor Lewis oesophagectomy [24] . The extent of minimally invasive techniques has ranged from a laparoscopic abdominal component with a thoracotomy or mini-thoracotomy, to a thoracoscopic thoracic component and an open abdominal procedure. We used a minimally invasive abdominal component in the majority of our patients and a thoracoscopic technique in one-third of the patients. Longterm oncologic outcomes using minimally invasive techniques are still being investigated, but in our series, lymph node retrieval seems similar to retrieval when using standard open techniques. In addition, using a trans-oral anvil technique seems more efficient and may decrease operative time.
In summary, we report our experience with intrathoracic oesophago-gastric anastomoses using a trans-oral anvil during minimally invasive Ivor Lewis oesophagectomy. We have found that it is a safe technique with preliminary results showing an anastomotic leak rate and stricture formation on the low end of reported ranges. Furthermore, the trans-oral anvil improves the technical feasibility of the intrathoracic oesophago-gastric anastomosis during completely minimally invasive oesophagectomy.
